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Abstract 
The purpose of this study is to reveal the characteristics of the terminological structure formed by the 
index terms of junior-high school, high school and university-level textbooks. We first identify the types 
of concept of index terms, and then uncover the conceptual structure that underlies index terms. We found 
that, as the school level progresses, (1) the balance of concept types of index terms shift from concrete 
objects to their behaviours or features, (2) index terms as a whole shifts from a set of fragmented terms to 
a single indirectly-related group, (3) the core part of the index terms comes to be occupied by terms which 
represent concepts other than concrete objects. 
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1. Introduction 
In this paper, we analyze the terminological structure of index terms of Japanese textbooks. 
Terminology appears in many different parts of a textbook, such as the body text, captions of figures and 
the index, to enable students to acquire the appropriate level of knowledge. While the terminology in the 
body text has been studied [1][2][3], that of the index has so far not been addressed to the same extent. 
The analysis of the terminology in the index is, however, as important as the analysis of the terminology 
in the body text, because it is the index that enables users to access information in the textbook 
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effectively. It includes not only central terms in the contextual structure but also less central but their 
related terms so that the readers can access to the knowledge elements via any one of these terms. 
Those studies of index terms which have been made include the analysis of the indexing process [4][5], 
inter-indexer consistency [6][7], and actual conditions of back-of-the-book indexes [8][9]. In addition 
there are standards and manuals for indexing [10][11][12]. These describe the general principle of 
indexing or requirements for good index terms: however, they do not mention the characteristics that 
index terms should have according to the readership or domain. Revealing the terminological structure of 
index terms of specific types of print material is potentially useful if the indexers could use it to check the 
quality of their index, given that the selection or evaluation of index terms depends on the sense of each 
indexer and takes a lot of time and efforts. 
Figure 1 shows the model adopted in this study. Knowledge or conceptual structure is made up of 
many concepts, some of which are related, and each concept is expressed as a term. Considering the fact 
that the index is a set of terms which express concepts in the textbook, the index terms as a whole can be 
regarded as a terminological structure which reflects the conceptual structure in the textbook. 
 
 
 
 
 
 
 
 
 
Fig. 1. Model for this study 
Since the body of textbook differs according to the readership, we assume that the structure of the 
index differs likewise. Thus, we analyze the index of junior-high school, high school and university-level 
textbooks and compare them. Textbook of elementary school was not analyzed because it does not have 
index pages. The purpose of this study is to reveal the characteristics of the terminological structure 
formed by index terms of these three school levels. In order to do so, we aim to answer the following 
research questions. 
(1) What categories of concepts do the index terms of textbooks represent? 
(2) How are the index terms related through the underlying conceptual structure?  
(3) What kinds of terms constitute the “core” part of the index terms? 
In answering the first question we reveal the types of concept of index terms. In answering the second 
question we reveal the conceptual structure that underlies index terms. In answering the third question we 
further expose the conceptual structure with respect to the types of concept. This paper is organized as 
follows. In sections 2 and 3 we introduce the data and explain the method. In section 4 we present the 
results. In section 5, we summarize the experiment and outline future work. 
2. Data 
We chose life science as target domain because there are subjects corresponding to that domain at 
junior-high school and high school levels, so that we can compare the terminological structure of index 
terms without being unduly affected by differences in the subject. We chose one textbook for each school 
level. Comparative analysis of the textbooks with textbooks of other publishes is future work. Table 1 
shows the basic information about the textbooks. 
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Table 1. The basic information about the textbooks 
 Name of textbook Publishers Published year No. of index terms 
Junior-high school Science 2 Tokyo-shoseki 2010 113 
High school Biology Tokyo-shoseki 2006 627 
University Life Science Yodosha 2010 480 
3. Method 
3.1. Conceptual categories 
First we manually classify all the index terms into five conceptual categories, referring to the 
classification of Kageura (2002) and Sager (1990) [13][14]. The conceptual categories are as follows: 1. 
Material Entity (ME), 2. Abstract Entity (AE), 3. Activity (AC), 4. Quality (QL), 5. Relation (RL). Then 
we count the number of terms classified into each category. 
3.2. Terminological network 
This subsection introduces the notion of terminological network, which reflects the conceptual 
structure that underlies index terms. Since manual construction of such a terminological network which 
reflect conceptual structure requires much time and effort, we construct it automatically on the basis of 
term formation. Term formation of a scientific term is governed to some extent by the conceptual 
structure of the domain [14], and thus term constituents common to two terms can be considered as 
shared conceptual elements. 
In order to construct the terminological network based on term formation, each index term was 
decomposed into term constituents or morphemes according to the procedure defined by Nomura and 
Ishii (1989) [15]. Table 2 shows the basic quantitative dimensions of the data. T indicates the number of 
terms, N is the number of morpheme tokens, V is the number of morpheme types, and S is the number of 
simple terms or terms consisting of one morpheme. Because the purpose of this study is to analyze the 
terminological structure which reflect conceptual structure, we take into account the distinction between 
morphemes with conceptual content and those with only formal roles. We have defined postpositions 
such as “ߩ” (“of”), symbols and numbers as functional morphemes. Nc and Vc in Table 2 are the number 
of tokens and types after the formal morphemes were removed. 
Table 2. The basic quantitative dimensions of the terminological data 
 T N V N/T Nc Vc Nc/T Nc/Vc S (%) 
Science 2 113 180 120 1.593 169 114 1.496 1.482 50 (44%) 
Biology 1 627 1146 628 1.828 1037 600 1.654 1.728 240 (38%) 
Life Science 480 1023 489 2.131 886 464 1.846 1.909 143 (30%) 
 
Take a putative terminology consisting of 12 terms: “acoustic nerve”, “body fluid”, “cell”, ”egg cell”, 
“fertilized egg”, “nerve cell”, “nerve fiber”, “connective  tissue”, “primordial germ cell”, “somatic cell 
division”, “tissue cell”, “tissue fluid”. Through common term constituents, this terminology constitutes a 
network as shown in Figure 2. Formally, this network is an undirected weighted graph, with vertices 
representing terms and edges representing term constituents shared between terms [16][17]. Thus 
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where vi is the vertex or term with index i, Cij is a j-th constituent of the term vi, and eik, which is defined 
by the number of common term constituents between two terms vi and vk, is the edge between vi and vk. 
For ease of analysis, we regard this terminological network as unweighted, because terms are mostly 
connected through one term constituent and the maximum number of common constituents among terms 
is not very large. Through the analysis of this network, we characterize the conceptual structure that 
underlies index terms. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. A network constructed from sample terminology 
3.3. Core part of the terminological structure 
Lastly we investigate what kinds of terms constitutes the “core” part of the index terms. By core of the 
terminological structure, we mean the following two kinds of terms: (1) terms which are included in the 
largest terminological cluster (terms which are densely connected in the network through the common 
shared conceptual element), and (2) terms which play a role in connecting many terms indirectly in the 
terminological network. As for the former kind of terms, we extracted terms in the largest clique. A clique 
is a complete graph or graph in which all pairs of vertices are connected in the network [14][15]. Thus, in 
Figure 2, “cell”. “egg cell” “tissue cell”, “nerve cell”, “primordial germ cell”, “somatic cell division” are 
regarded as core. As for the latter kind of terms, we extracted terms which have higher value of 
betweenness centrality, which measures the extent to which a vertex lies on paths between other vertices 
[16]. Formally, betweenness centrality Cb(i) is defined as: 
 
  
 
 
 
where gjk is the number of paths from vertex vj to vertex vk, and gjk(i) is the number of paths from vertex vj 
to vertex vk that pass through vertex vi. We extract the top 25㧑 terms as ranked by betweenness centrality 
in the largest component. In Figure 2, “nerve cell” and “tissue cell” have the higher value of betweenness 
centrality. We then count the number of terms according to the conceptual categories which are 
introduced in 3.1. 
degree(vi) frequency(cij )
j
weight(eik) |{cij} {ckl} |
Cb(i)
gjk(i)
gjkj 1
|G |
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4. Result 
4.1. Concepts of index terms 
    Table 3 shows the distribution of the number of terms classified into each conceptual category. In 
Table 3 ME stands for Material Entity, AE for Abstract Entity, AC for Activity, QL for Quality, and RE 
for Relation. Table 3 shows that, as the school level progresses, the ratio of ME decreases and that of AC 
or QL increases. This suggests that the balance of the concept types of index terms shifts from concrete 
objects to their behaviors or features. 
Table 3. The distribution of concepts of index terms 
 ME AE AC QL RE Total 
Science 2 93 (84%) 0  (0%) 15 (13%) 4 (3%) 1 (1%) 113 (100%) 
Biology 1 450 (72%) 17 (3%) 86 (14%) 62 (10%) 12 (2%) 627 (100%) 
Life Science 321 (67%) 13 (3%) 100 (21%) 27 (6%) 19 (4%) 480 (100%) 
4.2. Characteristics of the terminological structure 
Table 4 shows the distribution of components, i.e., a set of vertices that are connected directly or 
indirectly in the network where |max| is the size of the largest component and I is the number of the 
isolated vertices. The column headers right of |max| show the size of smaller component and the cells 
show the number of components of that size. Table 4 shows that all the networks are decomposed into 
one very large component, some smaller components and many isolated vertices. Comparing the three 
networks, it is also apparent that the ratio of isolated vertices decreases while that of the largest 
component increases as the school level progresses. This suggests that the terminological structure shifts 
from a set of fragmented terminological groups to a single indirectly-related group. 
Table 4. The distribution of components 
 |max| (%) 9 8 7 6 5 4 3 2 I (%) 
Science 2 31 (27%) 0 1 0 1 1 2 0 2 51 (45%) 
Biology 1 321 (51%) 0 0 1 2 0 3 5 10 235 (37%) 
Life Science 308 (64%) 0 1 0 0 1 1 1 9 139 (29%) 
 
     Table 5 shows the network statistics for the networks, i.e., the number of vertices and edges |G| and 
||G||, the maximum degree (G), the mean degree Z and the number of components #C, the density D, 
which compares the number of actual edges with the total number of possible edges, and the cluster 
efficient C, which calculates the probability that the adjacent vertices of a vertex are connected. D is 
defined as: 
 
 
 
C is defined as: 
 
 C
1
| G |
Ci
i 1
|G |
D || G ||
|G | (|G | 1)
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Ci is then defined as: 
 
 
 
where ki is the degree of vertex vi and ti is the number of triangles that contain vertex vi. The density 
shows the strength of cohesion as a conceptual structure because the edge means the conceptual relation 
between terms. Regarding D, Science 2 has the highest value, followed by Life Science and Biology 1. 
While D measures the strength of cohesion as seen from the terminology as a whole, Z measures it as 
seen from an average term. Regarding Z, Biology 1 has the highest value, followed by Life Science and 
Science 2. As for the strength of the cohesion of index terms, we cannot observe any consistent trend as 
the school level progresses. Regarding C, on the other hand, the value is the lowest in Biology 1. Lower 
values of C indicate the existence of larger cliques directly connected to each other through some 
common bridging vertices. Therefore, in the terminological network of Biology 1, a much larger number 
of larger terminological clusters are directly connected than others (see Figure 3). Put differently, in 
Biology 1, terms connected to many terms tend to behave as the connecting hub of several densely 
connected clusters. 
Table 5. Network statistics 
 |G| ||G|| (G) Z #C D C I (%) 
Science 2 113 148 13 2.62 8 0.0234 0.7214 51 (45%) 
Biology 1 627 2401 70 7.66 22 0.0122 0.6780 235 (37%) 
Life Science 480 1788 40 7.45 14 0.0156 0.7010 139 (29%) 
 
 
 
 
 
 
 
 
 
 
Fig. 3. The transition of the overall structures of terminological networks 
Although the degree of dominance of the largest component differs in each textbook, the largest 
components are the main part of the terminological structure. Hence clarifying their characteristics is 
essential to the description of a terminological structure [18]. Table 6 shows the network statistics for the 
largest components. The maximum degree (G) of the largest component is the same as that of the 
overall networks. The mean degree Z and density D, on the other hand, become larger, since isolated 
vertices and vertices in smaller component are not taken into account. Since the largest component is by 
definition connected, we can capture further characteristics of the network structure by diameter d and the 
average path length l. While mean degree Z and density D measure the strength of cohesion according to 
the number of conceptual relations, d and l show it from the perspective of the extension of the conceptual 
structure. Table 6 shows that the value of l is small irrespective of the size of the terminological networks. 
Ci
ti
ki(ki 1)/ 2
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This suggests that index terms as a whole have strong inclination to the cohesion in this sense, at least in 
the main part of the conceptual structure. 
Table 6. Network statistics for the largest component 
 |G| ||G|| Z D C l d 
Science 2 31 136 8.77 0.2925 0.9186 2.4344 5 
Biology 1 321 2335 14.55 0.0455 0.7291 5.1161 13 
Life Science 308 1760 11.43 0.0372 0.7446 4.3982 12 
4.3. Concepts of terms which constitute the core part of index terms 
Table 7 shows distribution of the number of terms in the largest cliques. From Table 7 we can observe 
that all terms in the largest cliques are terms representing ME (such as “cell” or “nerve”) in Science 2, but 
that the proportion of terms that represent other concepts than ME increases as the school level 
progresses. Specifically, in the case of Life Science, about one-third of the terms represent concepts other 
than ME. Among these, it is especially terms which represent AC, such as “cell division” or “neural 
induction”, which increase as the school level progresses. This suggests that the terms within the largest 
terminological clusters, i.e., terms which share the most frequently conceptual element, come to include 
terms which represent various types of concept. 
Table 7.  Distribution of terms in the largest cliques 
 ME AE AC QL RE Total 
Science 2 12 (100%) 0  (0%) 0 (0%) 0 (0%) 0 (0%) 12 (100%) 
Biology 1 41 (82%) 2 (4%) 6 (12%) 1 (2%) 0 (0%) 50 (100%) 
Life Science 23 (66%) 2 (6%) 9 (26%) 1 (3%) 0 (0%) 35 (100%) 
 
Table 8 shows the distribution of the number of terms included in the top 25% when ranked by the 
value of betweenness centrality in the largest component. It shows that in Science 2 most terms which 
have a higher value of betweenness centrality are terms which represent ME, and that the proportion of 
terms which represent Quality or Activity increases as the school level progresses. This implies that not 
only the terms which represent ME but also those of QL or AC have come to play a role in connecting 
many terms into one main terminological group through the underlying conceptual structure. 
Table 8. Distribution of terms of high value of betweenness centrality 
 ME AE AC QL RE Total 
Science 2 7 (88%) 0  (0%) 1 (13%) 0 (0%) 0 (0%) 8 (100%) 
Biology 1 57 (71%) 5 (6%) 8 (10%) 10 (13%) 0 (0%) 80 (100%) 
Life Science 48 (62%) 3 (4%) 18 (23%) 5 (6%) 3 (4%) 77 (100%) 
  
These results can be summarized as follows. (1) Most of the terms which constitute the core part of the 
terminological structure represent concrete objects. (2) However, as the school level progresses, terms 
which represent concepts other than concrete objects come to be incorporated into the core part of the 
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terminological structure. Among these, terms which represent their behaviors occupy the substantial share 
of the core part, especially in the case of university-level textbooks. 
5. Conclusion 
This paper has analyzed the characteristics of the terminological structure formed by the index terms 
of junior-high school, high school and university-level textbooks in the life science domain. We first 
investigated the types of concept of index terms by classifying them into five conceptual categories. Then, 
on the basis of term formation, we constructed and analyzed the terminological network which reflects 
the conceptual structure underlying a set of index terms. In addition we analyzed the concepts of terms 
that constitute the core part of the terminological structures. We found that, as the school level progresses, 
(1) the balance of concept types of index terms shifts from concrete objects to their behaviors and 
features, (2) index terms as a whole shift from a set of fragmented terms to a single indirectly-related 
group, (3) the core part of the terminological structure comes to be occupied by terms which represent 
concepts other than concrete objects. 
Following the results presented in this paper, we plan to conduct the further analysis in the following 
directions. First, we have to complement the terminological structure by considering the conceptual 
relation between terms that cannot be captured only from term formation alone. For example, this study 
did not capture the relation between synonyms such as “deoxyribonucleic acid” and “DNA”, although 
synonymy is also an important part of the conceptual structure. In order to construct a terminological 
network that takes it account these relations, we have to include other research methods. Second, we have 
to analyze factors other than conceptual structure which affect the selection of index terms, e.g., 
frequency in the body text or the practices of individual indexers. In order to reveal these factors, we will 
conduct a finer grained investigation of term attributes and do a comparative analysis with textbooks of 
the same subject from other publishers. This is potentially useful for evaluating the textbooks of a given 
publisher with respect to the quality of the index. Third, since the results of this study are limited to the 
case of life science, comparative analysis with other domains is necessary if we are to reveal the essential 
characteristics of the index terms in textbooks generally. Comparative analysis with the subject of social 
sciences or humanities is interesting because we anticipate that not only their contextual structure but also 
their conceptual structure will differ considerably from that of the natural sciences. 
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